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(54) Undersea hydraulic coupling with dovetail seal 

(57) An undersea hydraulic coupling includes a male member and female member (60). and a two-piece retainer (30 50) 
torching radial movement of a wedge-shaped annular seal (40) in the central bore of he female member (« J .The 
wo-piece retainer (30, 50) includes a cylindrical retainer sleeve member (50), slidab y ^rtZ 
bore and a threaded retainer-locking member (30), threadable to mating threads in the wall of the c ^ tr ^ ore Th J^ nnijlar 
retainer-locking member (30) holds the retainer sleeve member (50) in place within the female member bore. The annular 
Leal S|VlS from radial movement by a dovetail interfit with a mating shoulder (52, 35) on at least one of the 
retainer sleeve (50) and the retainer-locking (30) members. 
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The present invention relates to hydraulic couplings 
used in undersea drilling and production applications and 
seals used in those couplings. More particularly, the 
invention involves an annular seal that is restrained from 
radial movement into the bore of the female member by a 
dovetail inter fit with a two-piece retainer. 

Subsea hydraulic couplings are old in the art. The 
couplings generally consist of a male and a female member 
with soft seals positioned within the female member to 
seal the junction between the male and female members. 



The female member is generally a cylindrical body 
with a relatively large diameter longitudinal bore at one 
end and a relatively small diameter longitudinal bore at 
the other. The small bore facilitates connections to 
25 hydraulic lines, while the large bore contains soft seals 
and receives the male portion of the coupling. The male 
member includes a cylindrical portion or probe at one end 
having a diameter approximately equal to the diameter of 
the large bore in the female portion of the coupling. The 
male member also includes a connection at its other end to 
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facilitate connection to hydraulic lines. When the 
cylindrical portion of the male member is inserted into 
the large bore of the female member, according to the 
various embodiments of the device, the soft seals, 
5 resembling O-rings, either abut the end- or face of the 

male member or engage the cylindrical probe wall about its 
circumference. The hydraulic fluid is then free to flow 
through the female and male portions of the coupling, and 
the seals prevent that flow from escaping about the joint 
10 and the coupling. 

In some instances, a check valve may be installed in 
the female member and also in the male member. Each check 
valve opens when the coupling is made up and closes when 
15 the coupling is broken so as to prevent fluid from leaking 
out of the system of which the coupling is a part. 

In U.S. Patent No. 4,694,859 to Robert E. Smith, III, 
an undersea hydraulic coupling and metal seal is 

20 disclosed. This patent provides a reusable metal seal 
which engages the circumference of the probe and is 
positioned within the female member body. The metal seal 
■ is held in place by a cylindrical body or retainer. A 
clip holds the retainer within the body, preventing escape 

25 of the retainer or metal seal from the body. When the 
male and female portions of the coupling are parted under 
pressure, the retainer prevents the metal seal from 
blowing out through the bore of the female member. 

30 U.S. Patent No. 4,694,859 also discloses a soft 

annular seal or O-ring at the inner cylindrical surface of 
the retainer, which engages the probe circumference. The 
soft annular seal generally is used as a secondary seal, 
and prevents escape of fluid should the metal seal fail. 

35 As the probe begins to enter the retainer bore, it begins 
to engage a soft annular seal intermediate the retainer 
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bore. This contact compresses the seal and creates a 
sliding seal between it and the probe wall. The annular 
seal or soft seal is of a relatively. pliable material, for 
example, rubber or synthetic elastomer. The annular seal 
5 is generally ring-shaped and is located in a sealed 
groove. 

A problem has been encountered with the soft annular 
seal intermediate the retainer. When the male member or 
10 probe is removed from the female member under high ambient 
seawater pressure, the soft annular seal oftentimes will 
blow out of the female member and be lost. There is no 
mechanism for retention of the soft annular seal in the 
■ female section. 

15 

The implosion of the soft seal is a characteristic 
problem in the prior art. As the male member or probe is 
pulled out of the female member bore, the leading face of 
the male member reaches the soft annular seal intermediate 
- 20 that bore. When the face crosses the midpoint of the soft 
annular seal, there is nothing to restrain the seal from 
radial movement into the bore. The very low pressure or 
vacuum in the bore results in the seal being imploded into 
the bore, as the ambient seawater begins to enter the bore 
25 at high pressure. 

When the soft annular seal blows out through the 
female bore, it may be extremely difficult to replace the 
seal within the bore. There are also difficulties 
30 encountered in machining a groove in the female bore for 
the seal and inserting the seal in that groove. 



The problem of blowing out or implosion of the soft 
annular seal and difficulties of manufacturing, assembly 
35 or reassembly are solved by the. present invention. 



The present invention overcomes the above-mentioned 
problems and disadvantages by providing a coupling wherein 
a soft annular seal is interposed between the first piece 
and second piece of a two-piece retainer. The seal has a 
dovetail interfit with the first piece and second piece 
whereby the seal is restrained from implosion or any 
radial movement into the central bore upon separation of 
the female member and male member. The two-piece retainer 
is adapted to be inserted into the female member bore 
before the male member or probe is inserted. In a 
preferred embodiment, the two-piece retainer serves to 
"load" and retain a metal seal. 

The inner cylindrical surface of the soft annular 
seal, which has a dovetail interfit with the two-piece 
retainer, engages the circumference of the male member or 
probe as the probe is inserted through the retainer into 
the female member. 

FIG. 1 is an exploded perspective view of one 
embodiment of the present invention with the retainer 
sleeve member, metal seal and female member body partially 
cut away. 

FIG. 2 is a section view of the male member, 

FIG. 3 is a section view of the female member body 
with the metal seal, two-piece retainer, and dovetail seal 
in place. 

Undersea hydraulic couplings are generally connected 
to opposing plates of a manifold and are held together by 
bolts or hydraulic members attached to the plates. The 
male and female members may be attached to the opposing 
plates using various means, such as set screws or threads. 
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Techniques for attaching the members to such plates are 
well known to those skilled in the art. 

FIG. 1 is an exploded perspective view of the 
5 coupling, two-piece retainer and seal according to a 

preferred embodiment of the invention. As shown, the main 
components of the coupling include a male member or probe 
10, a threaded retainer-locking member 30, a dovetail seal 
40, a retainer sleeve member 50, and a female member body 
10 60. Each of these members comprise subcomponents which 
will be more fully described below. 

As shown in FIG. 1, in a preferred embodiment the 
male member 10 comprises a handle 11 , which may be 

15 threaded for attachment to a manifold plate. The handle 
terminates at flange 12 of the male member and tapered 
shoulder 20. The tapered shoulder 20 is tapered down to 
the first end of the cylindrical probe wall 13 which 
terminates at probe face 21. The cylindrical probe wall 

20 13 is adapted for sliding engagement with the two-piece 
retainer, as will be discussed below. 

The body of the male member also is provided with a 
central bore 14. The bore 14 may have several variations 

25 in its diameter as it extends through the body of the male 
member. In a preferred embodiment, the first end of the 
central bore comprises an internally threaded section 24 
for connection to a hydraulic line. A cylindrical 
passageway 25 extends longitudinally within the male 

30 member body and terminates at valve seat 16 which is an 
inclined shoulder. 

As shown in FIG. 2, a valve assembly is slidably 
received within the central bore 14 of . the male member. 
35 The valve assembly comprises a conical poppet valve 15 

which sealingly engages the valve seat 16 in its normally 
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closed position. Helical valve spring 17 is used to urge 
the poppet valve into a closed position against the valve 
seat. The helical valve spring 17 is located within the 
cylindrical passageway 25 and is anchored at spring collar 
5 18 which is held in place by collar clip 23 inserted 

within the inner surface of the cylindrical passageway of 
the male member. 

The two-piece retainer comprises a retainer-locking 

10 member 30 and retainer sleeve member 50. The retainer- 
locking member holds the sleeve member in place within the 
female member and may be tightened down to "load" the 
metal seal 61. As shown in FIG. 1, in a preferred 
embodiment the retainer-locking member 30 is cylindrical 

15 in shape having threads 31 on its outer cylindrical 

surface. As will be apparent to those skilled in the art, 
other means may be used to connect the retainer-locking 
member to the female member bore. The face of the first 
end 37 of the retainer-locking member includes expander 

20 wrench holes 34 used for tightening the retainer-locking 
member in the mating threads of the female member when it 
is installed. The bore of the retainer-locking member 
comprises a stepped central bore beginning at the first 
end 37 having an upper probe seat or tapered surface 33. 

25 The tapered surface 33 is engageable with the tapered 
shoulder 20 of the male member or probe f and inclines 
downwardly and inwardly to gradually reduce the diameter 
of the bore down to inner cylindrical surface 36. The 
face of the second end 38 of the retainer-locking member 

30 terminates at a f rustoconical surface 35 with its base 

intermediate the surface of the face and its crest at the 
edge closest to the inner cylindrical surface 36. 



Also shown in FIG. 1, dovetail seal 40 is a wedge- 
35 shaped annular seal interposed between the retainer- 
locking member 30 and the retainer sleeve member 50. In a 
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preferred embodiment, the dovetail seal 40 includes a 
groove or channel 42 about the circumference of the outer 
cylindrical surface, and an elastomeric seal or O-ring 41 
which is interposed in that groove. As shown in FIG. 3, 
5 the inner cylindrical surface of the dovetail seal 

comprises a ridge 45 which is sealingly engageable with 
the cylindrical probe wall 13 of the male member. 

The retainer sleeve member 50 is essentially a sleeve 
10 with an annular shape. As shown in FIG. 1, the outside 
diameter of the retainer sleeve member 50 is uniform and 
has a sliding fit within the bore 70 of the female member. 
The retainer sleeve member has a bore extending 
therethrough from a first end 57 to a second end or face 
15 58. The diameter of the bore varies along the 

longitudinal axis of the retainer sleeve member 50. The 
first end of the bore is generally defined by a retainer 
sleeve dovetail surface or reverse inclined shoulder 52, a 
cylindrical retainer wall 53 and a lower probe seat 71. 

20 

As shown in FIG. 3, bore 51 has its greatest diameter 
at the first end having the retainer sleeve dovetail 
surface or reverse inclined shoulder 52. This shoulder 
has its crest at the inner cylindrical surface or retainer 

25 wall 53. The retainer wall 53 begins at the lower edge of 
the reverse inclined shoulder and terminates at the upper 
edge of the lower probe seat 71. The lower probe seat 71 
is at the second end of the bore and slopes inwardly and 
downwardly, further restricting the diameter of the bore. 

30 The lower probe seat 71 terminates at its lower end at a 
lower retainer wall 59, which terminates at the second end 
or retainer face 58. The retainer face 58 lies in a plane 
perpendicular to the longitudinal axis of retainer 50. 
The retainer face 58 includes a face seal channel or 

35 groove 56 which is annular in shape, as shown in FIG. 3, 
and is centered on the longitudinal axis of the retainer 
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50. Annular elastomer ic seal 55 is generally ring-shaped 
and is located in the channel 56. Also shown in FIG, 1 is 
the metal seal 61 which is ring-shaped and is interposed 
between the retainer sleeve member 50 and the shoulder 72 
5 of the female member. 

Female member 60 comprises a body having a receiving 
chamber 70 for receiving the male member or probe 10 f and 
a handle 69 which optionally may be threaded to a manifold 

10 plate (not shown). As shown in FIG. 3, the valve assembly 
of the female member comprises a poppet valve 62 which is 
slidably received within the cylindrical passageway 74 of 
the female member 60. Poppet valve 62 is conical in shape 
and is urged by valve spring 64 into a seated position 

15 against the valve seat 63. When the poppet valve is in a 
closed position against the valve seat as shown in FIG. 3, 
it seals fluid from flowing between the male member and 
female member. The hollow spring collar 65 anchors the 
valve spring 64 and is held in place by collar clip 67. 

20 

In a preferred embodiment, the metal seal 61 is 
disposed along the shoulder 72. The operation of the 
metal seal is described in detail in U.S. Patent No. 
4,694,859 to Robert E. Smith, III. In a preferred 
25 embodiment, the retainer sleeve member 50 serves to "load" 
and retain the annular metal seal. The retainer-locking 
member 30 locks the retainer sleeve member in place. 

As shown in FIG. 3, the dovetail seal 40 is 
30 positioned between the retainer sleeve member and the 
threaded retainer-locking member. The dovetail seal is 
wedge-shaped in cross-section, having an outer cylindrical 
surface with greater axial thickness than its inner 
cylindrical surface. The first end 43 and second end 44 
35 of the dovetail seal member are restrained from radial 
movement by the f rustoconical surface 35 of the threaded 



retainer-locking member, and the reverse inclined shoulder 
52 of the retainer sleeve member. Thus, the dovetail seal 
forms the male portion of a dovetail interfit while the 
retainer sleeve member and threaded retainer-locking 
member together form the female portion of the dovetail 
interfit. The dovetail interfit restrains the annular 
seal from radial movement into the retainer bore when the 
male member or probe 10 is removed from the female member 
60. 

Because the dovetail seal 40 is restrained from 
radial movement towards the central axis or bore of the 
two-piece retainer, the male and female members may be 
separated without risk of blowing out the dovetail seal. 
This feature is of great advantage in subsea environments 
where the coupling is parted under pressure. 

Other advantages of the present invention include the 
reusable nature of the dovetail seal 40. As distinguished 
from the prior art, the dovetail seal may be used and 
replaced repeatedly as desired. 

Another advantage of the present invention is the 
relative ease of assembly and disassembly of the female 
5 member. This advantage accrues not only during 

manufacturing, but also for replacement of the soft seal 
between the two-piece retainer. 

An additional advantage of the coupling of the 
0 present invention is its ready substitutability for 

hydraulic couplings of "the prior art. The coupling of the 
present invention can replace a coupling of the prior art 
on a one-for-one basis without further modification of the 
new coupling or the use of preload mechanisms or other 
5 equipment beyond the coupling itself. Additionally, 
partial separation between the male member or probe and 
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the female member can be tolerated using the coupling and 
seal of the present invention. 

As can be expected and as' will be appreciated by one 
5 skilled in the art, the embodiment of the present 

invention described above may be modified in numerous ways 
without departing from the scope of the invention. For 
example., the metal seal 61 and elastomer ic seal 55 may be 
eliminated without affecting the operation of the two- 
10 piece retainer and dovetail seal of the present invention. 

Although variations in the embodiment of the present 
invention may not each realize all the advantages of the 
invention, certain features may become more important than 
15 others in various applications of the device. The 

invention, accordingly, should be understood to be limited 
only by the scope of the appended claims. 
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CLAIMS: 

1. A coupling comprising: 

a female member having a central bore extending 
therethrough; 

a male member adapted to be inserted into the central 
bore, forming an annulus therebetween; 

a two-piece retainer configured to be inserted into 
the annulus; and 



an elastomeric seal configured to engage the male 
15 member as the male member is inserted into the 

central bore, the elastomeric seal interposed 
between the first piece and second piece of the 
two-piece retainer and having an interfit with 
the first piece and second piece whereby the 
20 retainer restrains the elastomeric seal from 

radial movement into the central bore upon 
separation of the female member and male member, 



25 2. The coupling of claim 1 wherein the female member 

further comprises a circumferential shoulder intermediate 
the central bore, and a metal seal interposed between the 
two-piece retainer and the circumferential shoulder. 

30 

3. The coupling of claim 1, further comprising a first 
normally closed check valve within the female member and a 
second normally closed check valve within the male member , 
and wherein the first and second check valves" come into 
35 contact to force the valves open when the male member is 
connected to the female member. 
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4. The coupling of claim 1 wherein the two-piece 
retainer comprises a retainer sleeve member slidable 
within the central bore and a retainer-locking member 
configured to interengage the body and the retainer sleeve 
5 member so as to maintain the retainer sleeve member within 
the central bore. 



5. The coupling of claim 4 wherein the retainer sleeve 
10 member comprises a cylindrical sleeve having an outer 

cylindrical surface and an inner cylindrical surface, a 
bore along a central axis extending from a first end to a 
second end therethrough, and a circumferential shoulder 
adjacent the first end of the bore, the circumferential 
15 shoulder having a sloped surface with its crest adjacent 
the inner cylindrical surface. 

6. The coupling of claim 4 wherein the retainer-locking 
20 member comprises an externally threaded cylindrical ring 

having an outer cylindrical surface and an inner 
cylindrical surface, a bore along a central axis extending 
from a first end to a second end therethrough, the first 
end of the retainer-locking member having a f rustoconical 
25 surface with its base intermediate the surface of the 
first end of the cylindrical ring and its crest adjacent 
the inner cylindrical surface. 

30 7. A coupling comprising: 

(a) a body having a central axis and a first 

longitudinal bore concentric with the axis and 
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having a circumferential shoulder intermediate 
the bore; 

(b) a two-piece retainer adapted to be inserted into 
a first end of the first longitudinal bore and 
to seat on the shoulder, the retainer having a 
second longitudinal bore concentric with the 
axis; 

(c) a probe adapted to be inserted through the 
second longitudinal bore and into the first 
longitudinal bore; 

(d) a first annular seal adapted to be inserted 
between each piece of the two-piece retainer, 
the annular seal having a wedge-shaped cross- 
section mating with a corresponding wedge-shaped 
shoulder on at least one piece of the two-piece 
retainer, the first annular seal configured to 
engage the circumference of the probe as the 
probe is inserted through the second bore and 
into the first bore; 

(e) a second annular seal insertable into the first 
longitudinal bore to be interposed between the 
shoulder and the two-piece retainer, the second 
seal configured to engage the first bore and the 
circumference of the probe as the probe is 
inserted through the second bore and into the 
first bore. 
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8* The coupling of claim 7 wherein the two-piece 
retainer comprises a slidable sleeve member and an 
externally threaded locking member, at least one of the 
members having a dovetail interfit with the first annular 
5 seal whereby the first annular seal is restrained from 

inward movement toward the central axis upon withdrawal of 
the probe from the first and second longitudinal bores. 

10 9. The coupling of claim 8 wherein the slidable sleeve 
member comprises a cylindrical sleeve having a first and 
second end and a circumferential shoulder adjacent the 
first end, the shoulder having a tapered surface with its 
crest proximate the wall of the second longitudinal bore. 

15 

10. The coupling of claim 8 wherein the threaded locking 
member comprises a threaded cylindrical sleeve having a 
first and second end and a f rustoconical surface having 
20 its base on the face of the first end of the threaded 
locking member and its crest proximate the wall of the 
second longitudinal bore. 

25 11. The coupling of claim 9 wherein the slidable sleeve 
member further comprises a circular groove on the face of 
the second end of the slidable sleeve member, and an 
elastomeric seal positionable in the circular groove. 

30 

12. The coupling of claim 9 wherein the slidable sleeve 
member comprises a stepped central bore beginning at a 
first diameter proximate the first end and terminating at 
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a narrower second diameter proximate the second end, and a 
tapered surface therebetween, the tapered surface 
engageable with the circumference of the probe. 

5 

13. The coupling of claim 10 wherein the threaded locking 
member comprises a stepped central bore beginning at a 
first diameter proximate the first end and terminating at 
a second tapered surface proximate the second end, the 

10 tapered surface engageable with the circumference of the 
probe • 

14. The coupling of claim 7 wherein the first annular 
15 seal comprises a ring-shaped elastomeric seal having a 

ridge about the circumference of the inner cylindrical 
surface, the ridge being sealingly engageable with the 
circumference of the probe. 

20 

15. The coupling of claim 7 wherein the first annular 
seal comprises a ring-shaped elastomeric seal having a 
groove about the circumference of the outer cylindrical 
surface, and an O-ring positionable in the groove. 

25 

16. The coupling of claim 7 wherein the second annular 
seal comprises a metal seal for engagement with the first 
longitudinal bore and with the circumference of the probe, 

30 the metal seal having a cavity exposed to fluid pressure 
within the first longitudinal bore. 
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17. A female member adapted for use with an undersea 
hydraulic coupling comprising: 

(a) a body having a first longitudinal bore 
extending therethrough and a circumferential 
shoulder; 

(b) a retainer sleeve member having first and second 
ends adapted to be slidably inserted into the 
first longitudinal bore, the first end abutting 
the circumferential shoulder; 

(c) a metal seal insertable into the first 
longitudinal bore interposed between the first 
end of the retainer sleeve and the 
circumferential shoulder; 

(d) a retainer-locking member adapted to be inserted 
into the first longitudinal bore, the retainer- 
locking member configured to interengage the 
body and the retainer sleeve member so as to 
maintain the retainer sleeve member in abutting 
relationship with the circumferential shoulder; 

(e) an elastomer ic seal having a wedge-shaped 
cross-section, adapted to be interposed between 
the second end of the retainer sleeve member and 
the retainer-locking member, at least one of the 
retainer sleeve and retainer-locking members 
having a circumferential shoulder configured to 
restrain the elastomeric seal from moving into 
the first longitudinal bore in response to 
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forces tending to urge the elastomeric seal to 
move radially inwardly. 

5 18. The female member of claim 17 wherein the retainer 
sleeve member further comprises a central bore and a 
circumferential shoulder proximate the second end of the 
retainer sleeve member, the shoulder having a tapered 
surface with its crest proximate the wall of the central 
10 bore. 

19. The female member of claim 17 wherein the retainer- 
locking member comprises an externally threaded 
15 cylindrical member having a central bore, the retainer- 
locking member being threadable into mating threads in the 
wall of the first longitudinal bore. 

-20 20. The female member of claim 19 wherein the retainer- 
locking member further comprises a f rustoconical surface 
configured to assist the circumferential shoulder in 
restraining radial movement of the elastomeric seal, 
whereby the wedge-shaped seal has a dovetail interfit 
25 between the circumferential shoulder and the f rustoconical 
surface. 

21. An annular seal member having an outer cylindrical 
30 surface and inner cylindrical surface, the seal member 

adapted to form a dovetail interfit between two adjoining 
cylindrical members in a longitudinal bore, wherein the 
seal member forms the male portion and the two adjoining 
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cylindrical members form the female portion of the 
dovetail interfit, whereby the seal member is restrained 
from radial movement into the bore. 

5 

22. The annular seal member of claim 15 further 
comprising a circumferential groove about the outer 
cylindrical surface and an O-ring interposed in the 
groove. 

10 

23. The annular seal member of claim 15 wherein the inner 
cylindrical surface of the seal member is configured to 
sealingly engage the outer longitudinal surface of a 

15 cylindrical member inserted into the longitudinal bore. 

24. An undersea hydraulic coupling substantially as 
described with reference to the accompanying drawings. 
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